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Abstract 

The complete one-loop radiative corrections to third generation scalar fermions 
into gauge bosons Z and is considered. We focus on /2 — > and /j W^ fp 
f, f = t, b. We include both SUSY-QCD, QED and fuh electroweak corrections. It 
is found that the electroweak corrections can be of the same order as the SUSY- 
QCD corrections. The two sets of corrections interfere destructively in some region 
of parameter space. The full one loop correction can reach 10% in some SUGRA 
scenario, while in model independent analysis like general MSSM, the one loop 
correction can reach 20% for large tan/3 and large trilinear soft breaking terms Af,. 
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1 Introduction 



Supersymmetric theories predict the existence of scalar partners to all known quarks and 
leptons [1]. In Grand unified SUSY models, the third generation of scalar fermions, t, b, f, 
gets a special status; due to the infiuence of Yukawa-coupling evolution, the light scalar 
fermions of the third generation are expected to be lighter than the scalar fermions of 
the first and second generations. For the same reason, the splitting between the physical 
masses of the third generation may be large enough to allow the opening of the decay 
channels like : f2 ^ fiV and/or /2 where V is a. gauge boson and $ is a scalar 

boson. 

Until now there is no direct evidence for SUSY particles, and under some assumptions 
on their decay rates, one can only set lower limits on their masses [2]. It is expected that 
the next generation of e~^e~ machines and/or hadron colliders (LHC and Tevatron) could 
establish the first evidence for the existence of SUSY particles. Typically, scalar quarks 
can be produced copiously both at hadron and lepton colliders. They can in principle 
be discovered at future hadron colliders (LHC) up to masses in the 1-2 TeV range while 
sleptons would become invisible to LHC if heavier than ~ 250 GeV or so [3] , due to their 
weak coupling and a prominent background. 

If SUSY particles would be detected at hadron colliders, their properties can be stud- 
ied with high accuracy at a high-energy linear e~^e~ collider [4]. It is thus mandatory to 
incorporate effects beyond leading order into the theoretical predictions, both for produc- 
tion and decay rate, in order to match the experimental accuracy. 

In this spirit, the next-to-leading order corrections to squark-pair production at proton 
colliders have been studied theoretically in [5] and found to increase the cross section. 
For e~^e~ machines, scalar-fermion production has been addressed in several studies and 
shown to be promising for precision analysis of sfermion properties with mass and mixing- 
angle reconstructions [4, 6]. SUSY-QCD corrections to squark-pair production at e'^e~ 
annihilation were shown, a decade ago, to be large [7, 8]. Recently, the full one- loop 
radiative corrections to the production of scalar muons, scalar electrons (near threshold) 
[9], and third generation scalar fermions t,b,T [11, 10] have been addressed. For squark 
pair production at e"'"e~, the leading and subleading electroweak Sudakov logarithms were 
investigated [12] and found to be large at high energy. 

Similar studies have been carried out for the decays of SUSY particles. In particular, 
the QCD corrections to scalar quark decay into quarks plus charginos or neutralinos have 
been studied in [13], while the full one loop analysis has been addressed in [14] and found 
to have important impact on the partial decay widths of scalar fermions. In Ref. [15], the 
QCD corrections to the decays of heavy scalar quarks into light scalar quarks and Higgs 
bosons are found to be of the order 10 20 %. 

Obviously, most of the studies concentrated on the production and decay of light 
states ti,bi and fi, while heavier states received less attention [10, 14, 15, 16]. These 
heavy states can be produced both at LHC and/or at the future e~^e~ hnear colliders. 
The decay of the heavier states third generation scalar fermions is more complicated than 
the light one. One can basically have four set of two-body decays: 
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i) Strong decay for stop and sbottom t2 — > tg, 1)2 ^ hg : if these decay are kinematically 
open they are the dominant one. 

ii) decay to chargino and neutrahno : /2 fx^, f2 — > f'xt- 

If the sphtting between hght and heavy third generation scalar fermions is large enough 
we may have the following decays: 

iii) I2 ^ $0 = and h ^ f\H^. 

iv) /2 ^ fiZ' and ^ f\W^. 

It has been shown in [18] that the decay modes ^ and fi f'j^y if open and 

under some assumptions, may be the dominant one. Ref. [18] also evaluate the gueniun 
SUSY-QCD corrections and found them to be of the order -5% — > -10%. 
Note also that in several benchmarks scenarios for SUSY searches, the bosonic decay of 
ti and bi may be the dominant [19]. For example, in SPSS scenario the dominant bosonic 
decay have the following branching ratios [20]: Br{bi — > W~ti) = 81%, Br{h2 W~ti) = 
64% andBrih Z%) = 61%. While in SPSl scenario, we have: Br{b2 W~ti) = 34% 
and Br{t2 ^ Z%) = 23%. 

It is the purpose of this paper to provide the complete one loop radiative corrections 
to /2 — * and fi f'jW including real photon emission, and discuss their effects in 
combination with the SUSY-QCD corrections. 

The paper is organized as follows. In the next section, we will first set the nota- 
tions and give the tree-level results. Section 3 outlines the calculations and the on-shell 
renormalization scheme we will use. In section 4, we will discuss the effects of radiative 
corrections for various types of sfermions decays, and we end by a short conclusion in 
section 5. 



2 Notations and Tree— level formulae 

First we summarize the MSSM parameters needed in our analysis, with particular atten- 
tion given to the sfermion sector. In the MSSM, the sfermion sector is specified by the 
mass matrix in the basis {f^^, fp,). In terms of the scalar mass Ml, M^i, the Higgs-Higgsino 
mass parameter fi and the soft SUSY-breaking trilinear coupling Af, the sfermion mass 
matrices squared reads as: 

f y niLRmf mj + m%ji J 

with 

ttiIl = M2+m|cos2/3(j/-g;4), (2) 
= Mj, + mlcos2(3Qjsl, (3) 

rriLR = (A/ -/i (tan/3)-2^3) . (4) 
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// = ±1/2 and Qf are the weak isospin and the electric charge of the sfermion / and 
tan/3 = ^ with vi, v-2 being the vacuum expectation value of the Higgs fields. 

The hermitian matrix eq. (1) is then diagonalized by a unitarity matrix which 

rotates the current eigenstates, fi and //j, into the mass eigenstates /i and /2 as follows: 

(5) 






where 6*/ is the mixing angle such as : 

tan2g,= ^^'^"^i . (6) 

The mixing angle 6*^ is proportional to the mass of the fermion /. In the case of the 
super symmetric partners of the light fermions, the mixing between the current eigenstates 
can therefore be neglected. However, mixing between top squarks can be sizeable and 
allows one of the two mass eigenstates to be much lighter than the top quark. Bottom 
squark and tau slepton mixing can also be significant if tan (3 is large. 

The physical masses, with the convention: mj^ < ^j^, are given by 

1 



""Jm = + 2 ^""^ ^ ^ ""^^ ^ V ^""^ ^ " ""^^^^ ^ 4mi^m2 ) . (7) 

The sfermions sector can be parameterized either by the original parameters in the 
Lagrangian or by the physical masses mr = and mixing angle Of. Since we are 
computing radiative corrections in an on-shell scheme, we will take the following set of 
physical parameters: 

together with /i and tan (3. Once those parameters are fixed, the light stop mass can be 
derived using the mass sum rule [16] as follows: 

rn^ = — Tr^irn^A/ cos 23 — m~ sin^ 6*+ + m~ sin^ Oh + m~ cos^ Oh + — m?) (8) 
*i cos^ Ot 2 ^2 ''1 

Of course, eq. (8) receive one-loop radiative correction which we are not included in this 
analysis. However, it has been shown in [17] that the one- loop corrections can shift the 
tree level mass by less than < 10 GeV. 

The soft supersymmetry breaking parameters Aj are then connected to the previous 
ones through: 

2 2 

m- m~ 

Af = ^iiia.n(3)-'^^f + ^ ^sin^fcos^f (9) 

When varying the SUSY parameters, we have to be careful that charge and color minima 
do not appear. To avoid such minima at tree level, Aj has to satisfy the following tree 
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level conditions [21] : 

1 
2 



< 3(m~ + m~ + ^ cos 2/?m| - 2m^ + Ml + /i^ 



Al < 3(m| + m| + ^ cos 2/5m| - 2m2 + M^^ + /i^) 

< 3(mf^ + m| + i cos 2/3m| - 2m^ + M^^ + /i^) (10) 

With Mfj^ = {m\ + m|)cos2/3 - l/2m| and M|^^ = {m\ + mDsin^/? - l/2m|. For 
numerical check of CCB as well as 6 ^ 57 constraint, we have used Suspect and Sdecay 
codes [22, 23]. 

The interaction of the neutral gauge bosons 7 and Z with the sfermion mass eigenstates 
is described by the Lagrangian 



C = -^eA'^J2Qff:^,f^-^9sG^,Y.T''f:^,f^ + 

i=l,2 i=l,2 

E 9zJjJ: d, I + iW^ E g^jjJ: d, f', (11) 



with 



9zf J. = —{(li - Qfs'w)Ri,RL - Qfs'^R^.Ri} 

g J J-/ 



The tree-level decay width can thus be written as: 



with k(x, z) = (x^ + y'^ + z'^ — 2xy — 2xz — 2yzY/'^ 



T\qt q^V) = ^'^^ ' (13) 



3 Radiative corrections 

3.1 Scalar fermions decay into gauge bosons at one loop 

The Feynman diagrams for the one-loop virtual contributions are generically displayed 
in (Fig. l)(t'i....,io)- These diagrams are to be supplemented by the external self-energy 
contributions for gauge bosons and scalar fermions fi,j (Fig. 2), which are part of the 
counter-term for vertices (Fig. l)(fii), to be added according to renormalization. In the 
generic notation, V, S, F denote all insertions of vector, scalar, and fermionic states. 

At one loop level, transitions between gauge bosons and scalar bosons like W^-H^, 
W^-G"^, Z^-A'^, Z^-G^ are present. Owing to Lorentz invariance, those mixing are pro- 
portional to py momentum; then since the vector gauge bosons W and Z are on-shell 
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Figure 1: Generic vertex contributions to fi — ^ f*V 
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Fi gure 2: Generic Feynman diagrams for Scalar fermions self-energies fi — ^ fj 



transverse, those transitions vanish. In what follows we will ignore vector-scalar boson 
mixing. 

The full set of Feynman diagrams are generated and evaluated using the packages 
FeynArts and FormCalc [24]. We have also used LoopTools and FF [25] in the numerical 
analysis. 

We have evaluated the one-loop amplitudes in the 't Hooft-Feynman gauge. The one- 
loop amplitudes are ultraviolet (UV) and infrared (IR) divergent. The UV singularities are 
treated by dimensional reduction [26] and are compensated in the on-shell renormalization 
scheme. We have checked explicitly that the results are identical in using dimensional 
reduction and dimensional regularization. The IR singularities are regularized with a 
small fictitious photon mass S. 

In case of /2 — »■ Zfi decay, diagrams like (Fig. I)(f5) with ^ = 7 or \^ = gluon and 
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Figure 3: Feynman diagrams for real photon (or gluon) emission for in the final state of 
fi — > fjV'j (or fi —>■ fjVg). In case of fi f'jW'j all diagrams fci,...,5 contribute, while 
for fi — > fjZ'-f only bi, 62 and 63 contribute. In case of QCD brenstrahlung both for 
fi f'jWg and fi fjZg only bi, 62 and 63 diagrams contribute. 



diagram (Fig. l){vu) are IR divergent. In (Fig. l){vii) the IR divergence comes from 
the wave function renormalization of the scalar fermions. While for /2 W f\ decay, 
diagrams like (Fig. l)(t'3,...,6) and (Fig. l)('yii) V = oi V = gluon are IR divergent, for 
an IR-finite decay width we have to add the contribution from real-photon and real-gluon 
emission, fi ^ f*V'j and fi f*Vg . 



3.2 Real gluon emission 

In order to cancel the infrared divergence coming from virtual gluon, the real corrections 
with an additional gluon in the final state need also to be included. Feynman diagrams 
contributing to ST^J' = T{qi — > qj V g) are drawn in (Fig.3)(6i, 62, ^3)- We would like to 
mention first, that in the present case and in all the following cases, we have checked that 
the gauge invariance is satisfied. 

The three body phase space integration is performed following Ref. [27], which yields a 
width*: 



" An^mi S I my 



m,- 6 m 



h + mf loo + mpu + {mf + m'j - m'y) loi \- (14) 



where, n = ^(m^, m^, my), as is the strong coupling constant. The phase space integrals 
/, In, and Inm have {mi,mj,mv) as arguments. Their explicit forms are given in [27]. 



3.3 Real photon emission 

As in the case of gluon, the infrared divergence coming from virtual photon cancels out 
by including real (soft and hard) photon emission in the final state. The diagrams con- 
tributing to real bremsstrahlung of fi fj Z are depicted in (Fig.3)(6i, 62, ^3)- 

*Iii the above eq. (14), we found that the numerical factor in front of / integral is 3 in stead of 2 in 
ref. [18]. This disagreement does not affect the numerical result at all. 
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In case of fi — > fjZ'y, the width can be deduced from the gluon bremsstrahlung 
eq. (14) just by replacing as in eq. (14) by a, ehminating the QCD factor | and multiplying 
by the square of scalar fermion charges e'j. The width ^F^^ = T{qi — >■ qj Z 'j) is given by 

9^ — f 1 

6rt; = -j^e] 3/ - — [ Jo + /i + Joo + m] hi + {m] + m] - m|) ij (15) 

where = — | for down squark and e„ = | for up squark. 

Finally, for the Bremsstrahlung /j — > /j W'y , the Feynman diagrams are drawn in 
(Fig.3)6i 5. The decay width is more involving and is given by 



5F 



hr 



with 



q , ~~ a 



+ e^m-Joo + e/'"i?^ii + e/e//(m^ + m^^ - m^)Joi] } 



m 



w 



- m] + 2m^) + ^?G±77, V±77 }^02 



;4:^^'{^^±77'/~'"^' + + 2""'^) + ^g±77/h^±77'.}^i2} 



^G±77', = -^{{mfyC2f3 + mj -mj,)R{^R^j^ + mf{l2tanf3-Aff)Ri^R{j 



?/ d/' 



+ m,i-,^yA,)R{X- 



(16) 



(17) 



3.4 On-shell renormalization 

Recently, there have been several developments in the renormalization of MSSM. Several 
schemes are available [17, 28, 29, 30]. Here, we follow the strategy of [14] by introducing 
counter-terms for the physical parameters, i.e. for masses and mixing angles, and perform 
field renormalization in a way that residues of renormalized propagators can be kept at 
unity. 

We will adopt throughout, the on-shell renormalization scheme of Refs. [27] for SM 
parameters and fields. We make the following prescriptions: 

e (1 + 6Z,)e , Mw,z ^ Mw,z + 5Mw,z (18) 
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the gauge bosons are renormalized such as : 

1 
2 



^ Z'ilz^ + z'i^A^ , ^ z'ilA^ + zlj^Z^ , ly'^ (1 + (19) 



with Z/y^ = + \^Zij. In the on-shell scheme we use the mixing angle siy (resp ciy) is 
defined by = 1 — My^jM^ (resp = M^/M|). Its counter-term is completely fixed 
by the mass counter-terms of W and Z gauge bosons as: 



The extra parameters and fields we still have to renormalize in our case are the scalar 
fermion wave functions fi and the mixing angle Of defined in eq. (6). 

In the general case, where sfermions mixing is allowed, the wave functions of the 
two sfermions mass eigenstates are not decoupled. Taking into account the mixing, the 
renormalization of the sfermions wave functions and the mixing angle Of can be performed 
by making the following substitutions in the Lagrangian eq. (11) 

h - Zli'h + Zli'h , h - Zli^h + Zli'h , Of^Of + 50 f (21) 

Using the above prescriptions Eq. (18-19, 21) in the Lagrangian (11), the Lagrangian 
counter terms can be obtained and is given by 

5C = [5izMj)Z'f:dJ, + 6{WfJ'^)W'^f:d,f',] (22) 



where 



1 111 

S{Zfifj) = -eQf-6Z^z + g^rji^Ze + -6Zzz + ^^Zu + -6Z. 



^ 3 ^2 ((~-^3 - Qf-'^W + 2/3S^)-R|i-Ri^ - <5/-S^-RJ2-Ri4) 



Cw^W 

S{WfJ,) = 3wlf {— + —)+ 3wlf— + g„j^f— + 



where 



^^3z7J.) = -^^9zM,) = ^9zfJ, , ^(9zfJ,) = ^idzfj,) = 9zM,- 9zfJ, 
^(V/i/O = 9wfJ[^^f + 9wf,f!/^f' ' ^^9wM') = -9whJ'^^^f-9wh7^^^f 
^^9wjj) = 9wf,r^^^.f-9wf,r^^^f' ' ^i9wf,r) = -9wfj,^^f + 9w%r,^^f'i'^'^) 

To fix all the above renormalization constants, we use the following renormalization 
conditions: 



9 



• The on-shell conditions for m^y, m^, rrie and the electric charge e are defined as in 
the Standard Model [27]. 

• On-shell condition for the scalar fermion fi : we choose to identify the physical scalar 
fermion mass with the corresponding parameter in the renormalized Lagrangian, and 
require the residue of the propagators to have its tree- level value, i.e., 

6Zii = -3?{ — ))}| 2=^2^ , 5Zij = ^ — ^ — , 

op"^ ^ m~ — m~ 

fj fi 

5m\ = 3f?(Sr7(m?r)) (25) 
where J^j.jXp^)^ "^li = 1,2 is the scalar fermion bare self-energy. 

One has then to choose a renormalization condition which defines the mixing angle 
6f. We select this condition in such a way to kill the transitions fi ^ fj at the one-loop 
level. The renormalization of the scalar fermion mixing angle is then given by [14]: 

69 f = - % ^' (26) 

2 m~ - m~ 

fi fi 



4 Numerics 

Now we are ready to present our numerical results both for the tree-level and one-loop 
decay widths and branching ratios for fi — > fjZ and fi f'jW^. Let us first fix our 
inputs and SUSY parameters choice. 

As experimental data points [31], the following input quantities enter: = 137.03598, 
rriz = 91.1875 GeV, mw = 80.45 GeV. Fermions masses are given by: 

me = 0.000511 GeV, = 0.1056 GeV,m^ = 1.777 GeV, 

mi = 178 GeV,m;, = 4.7 GeV,me = 1.5 GeV,m„ = 0.062 GeV, 

mrf = 0.083 GeV, m, = 0.215 GeV 

where effective quark masses reproducing the hadronic vacuum polarization contribution 
Aa(m|) with a sufficiently high accuracy have been chosen [32]. 

For the SUSY parameters, we will use MSSM inputs which look like some of the Snow- 
mass Points and Slopes (SPS) and benchmarks scenarios for SUSY searches [19]. For our 
study we will use SPSl and SPS5 scenario. As we explained in the introduction, for those 
2 scenarios the bosonic decays of scalar fermions fi — ^ fjV^ when open, are dominant. 
More details about the mass spectrum and decays rates can be found in [19, 20]. 

In SPSl, we have the following spectrum (are listed only the parameters needed): 
tan/? = 10, tuao = 394 GeV, At = -431.34 GeV, Ab = 582.67 GeV, M = 193 GeV, 
M' = 99 GeV, fi = 352 GeV. The mass of the first and second generation scalar fermion 
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Figure 4: Branching ratios of bosonic decays of bi (upper plots), 62 (middle plots) and ^2 
(lower plots) in SPSl (left) and SPSS (right) as function of cos9t. 



is of the order 177 GeV (average). While the masses of the third generation scalar fermions 
are : mj^ = 396.43 GeV, mj^ = 574.71 GeV , m^^ = 491.91 GeV , mj^ = 524.59 GeV. The 
mixing angle are given by cos6'f = 0.57 , cos6'6 = 0.88. 

In SPS5 (light stop scenario), we have the following spectrum : m^o = 694 GeV, 
tan/? = 5 A = -785.57 GeV, A = -139.11 GeV, M = 235 GeV, M' = 121 GeV, 
fi = 640 GeV The mass of the first and second generation scalar fermion is of the order 231 
GeV (average). The masses of the third generation are m^^ = 253.66 GeV , m^^ = 644.65 
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GeV , m^,^ = 535.86 GeV , = 622.99 GeV. The mixing angle are given by cos^t = 0.54 
, cos^fe ='o.98. 

In fact, our strategy is the following : the SPSl and SPS5 outputs are fixed as above, 
but we will allow a variation of the mixing angles cos 6t, cos 6b from their SPS values. Ac- 
cording to our parametrization defined in section 2, we choose as independent parameters 
mj^jm^^m^^, 9t, 9b together with /i and tan p. nij^ is fixed by eq. (8) and the soft trilinear 
parameters are fixed using eq. (9). The variation of cos^j and cos^^ imply the variation 
of mj^ as well as At and Ab. Since we allow variation of the cos^t and mj^ mass, our 
inputs can be viewed as a general MSSM inputs and not as SPS one. 
As outlined in section 2, At^b are fixed by tree level relation eq. (9). Of course, At^b receive 
radiative corrections at high order. However, At and Ab enter game only at one-loop level 
in our processes, radiative corrections to At and Ab is considered as two-loop effects. 
Before presenting our results, we would like to mention that we neglect radiative correc- 
tions to eq. (8). As mentioned in section 2, the one- loop effect correction to eq. (8) can 
shift the tree level masses only by less than < 10 GeV. We have checked that for our 
process such shift does not affect significantly our result. 

In Fig. (4) we show branching ratios of bi, 62 and ^2- We evaluate the bosonic decays 
: bi — > W~ti, 1)2 — > W~ti and ^2 ZHi as well as the fermionic decays fi — >• Xifixtf) 
as function of cos 6*4 for SPSl (left) and SPS5 (right) scenario. From those plots, it is 
clear that the bosonic decay, once open, are the dominant one for | cos 6*^1 ^ 0.4 0.45. 
For I cos 6t\ ~ 0.4 the light stop mj^ is about 100 GeV, when | cos6'j| increases, the mj^ 
increases also and for large | cos 6*^1 the bosonic decays are already close and the branching 
ratio vanishes. 

We note that in the case of SPSl the bosonic decays are open only for 0.4 < | cos9t\ < 
0.6 Fig .(4) (left). In the region | cos^t| < 0.4, the light stop is below the experimental 
upper limit rrij^ ^ 90 GeV, and no data are shown. While in the case of SPS5 Fig .(4) 
(right), for | cos^j| < 0.5, we find that mj^ is below the experimental upper limit and also 
6p > 0.001 due to large splitting between stops and sbottoms. 

The magnitude of SUSY radiative corrections can be described by the relative correc- 
tion which we define as: 

^ ^ r^-^°°p(/. ^ f,v) - ry^h f^v) 
r*-'=(/. ^ /,4^) 

In Fig. (5) we illustrate the relative correction A as function of cos 9t for the decay 
62 Wti in SPSl (left) and SPS5 (right). As it can be seen from the left plot, the 
SUSY-QCD corrections lies in the range — 1% — —6% while the EW corrections lie in 
the range 4% 10% for cos9t ^ 0.4 0.65. The SUSY-QCD and EW corrections are 
of opposite sign, there is a destructive interference and so the full one-loop corrections 
lie between them. For cos9t 0.65, the total correction increases to about 10%. This 
is due to the fact that for cos6't 0.65 the mass of light stop is m-jr^ ^ 444 GeV, the 
decay 62 Wti is closed and so the tree level width decreases to zero. The observed 
peaks around cos6'f ^ 0.46 (resp cos6't ~ 0.53) correspond to the opening of the transition 
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Figure 5: Relative correction (electroweak EW, SUSY-QCD and full) to 62 tiW as 
function of cosOt in SPSl (left) and SPSS (right) 
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Figure 6: Relative correction to bi 
(left) and SPSS (right) 
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tiW and t2 — > tiZ as function of cos 6*4 in SPSl 



ti ~^ Xit (resp ti X2^)- The right plot of Fig. (S) in SPSS scenario, exhibits almost the 
same behavior as the left plot. The electroweak corrections interfere destructively with 
the SUSY-QCD ones, the full corrections are between —4% — *• 10% for cos 9t G [O.S,0.9]. 

In Fig. (6) we show the relative correction A as function of cos6't for the decay 
bi Wti and ^2 Zti in SPSl (left) and SPSS (right) scenario. 

In the case of ^2 Zti, the total correction lies in —1 7% (resp — S —> 6%) in SPSl 
(resp SPSS) scenario. From Fig. (6), one can see that the relative corrections for bi — > Wti 
are enhanced for cos^t ~ 0.6 (resp cos6'f f» 0.7S) in SPSl (resp SPSS). This behavior has 
the same explanation as for 62 Wti in figure. (S). At cos6'f ^ 0.6 (resp cos6't ^ 0.7S) in 
SPSl (resp SPSS), the decay channel bi Wti (resp ^2 Zti) is closed and so the tree 
level width decreases to zero. The observed peaks around cos ^4 ~ 0.46 (resp cos^t ~ 0.S3) 
correspond to the opening of the transition ti — > xV^ (resp ti — X2^)- 
In all cases, we have isolated the QED corrections (virtual photons and real photons), we 
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Figure 7: Relative correction to t2 — > biW, t2 — »■ hZ (left) and 62 biZ, 62 tiW 
(right) as function of At = Ab in general MSSM for /i = 500 GeV, M2 = 130 GeV, 
Ma = 200 GeV and tan /? = 60 



have checked that this contribution is very small, less than about 1%. 

Fig. (7) illustrates the relative corrections to ^2 — * biW, t2 ^tiZ (left) and 62 — ^ ^i^, 
62 — tiW^ (right) as function of Ab = At in general MSSM for large tan/3 = 60, /i = 500 
GeV, M2 = 130 GeV and Ma = 200 GeV. It is clear from this plot that the relative 
corrections are bigger than in the cases of SPS scenarios. This enhancement shows up for 
large \Ab\ and also near threshold regions. In this scenario, the SUSY-QCD corrections are 
about 2%, the electroweak corrections are about 5% while the QED corrections are very 
small. The dominant contribution comes from the Yukawa corrections and is enhanced 
by large tan/3 = 60 and large \Ab\. 

In the left plot of Fig. (7), the region \Ab\ = \At\ < 300 GeV has no data. This is due 
to the fact that splitting between ^2 and ti (^2 and hi) is not large enough to allow the 
decays ^2 — > tiZ and t2 — > biW. 

In the right plot of Fig. (7), when \Ab\ = \At\ ^0 GeV, the splitting between 62 and ti is 
close to rriyy mass and so the tree level width for 62 tiW~^ almost vanish, consequently 
the correction is getting bigger. This behavior has been also observed in previous plots 
for 62 hW+. 

Finally, in Fig. (8) we illustrate the decay width of t2 ^ tiZ as function of mj_^ in 
SPSl (left) and SPS5 (right). In SPSl (resp SPS5) the decay width of t2 — >■ tiZ is about 
8 GeV (resp 13 GeV) for light stop mass of the order 100 GeV. Obviously, these decays 
width decrease as the light stop mass increase. 

It is clear that the SUSY-QCD corrections reduces the width while the electroweak 
corrections cancel part of those QCD corrections. Both in SPSl and SPS5, the full one 
loop width of ^2 ^iiZ is in some case slightly bigger than the tree level width. 
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Figure 8: Tree and one loop decay width of t2 tiZ as function of mj^ 

Conclusions: 

A full one-loop calculations of third-generation scalar-fermion decays into gauge bosons 
W and Z are presented in the on-shell scheme. We include both electroweak, QED and 
SUSY-QCD contributions to the decay width. It is found that the QED corrections are 
rather small while the electroweak and SUSY-QCD corrections interfere destructively. 

The size of the one-loop effects are typically of the order —5% — > 10 % in SPS scenarios 
which are based on SUGRA assumptions. While in model independent analysis like the 
general MSSM, the size of the corrections are bigger and can reach about 20% for large 
tan (3 and large soft SUSY breaking A^. Their inclusion in phenomenological studies and 
analyses are then well motivated. 
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